Introduction {#s1}
============

The morning glory syndrome (MGS) or morning glory disc anomaly was named by Kindler in 1970 because of its resemblance to the morning glory flower.[@R1] It is a congenital, funnel-shaped excavation of the posterior fundus that incorporates the optic disc, with a white tuft of glial tissue overlying the central portion of the disc and the increased number of blood vessels arising from the periphery of the disc. Persistent hyperplastic primary vitreous (PHPV) or persistent fetal vasculature is a condition that presents during infancy. It occurs because of a failure of the primary vitreous and the hyaloid vascular system to regress. PHPV typically manifests as unilateral, but rarely bilateral, persistence of the hyaloid system in Cloquet\'s canal. It is usually associated with microphthalmia, cataract, retinal traction or dysplasia, and elongation of the ciliary processes.[@R2] [@R3]

Previous reports showed that MGS could be associated with congenital ocular anomalies in the same and in the fellow eye, including congenital cataract, lid haemangioma, preretinal gliosis, lenticonus, microphthalmia, and non-ocular malformations such as midline craniofacial defects and intracranial vascular anomalies.[@R1] [@R4; @R5; @R6; @R7; @R8; @R9; @R10; @R11; @R12; @R13] Individual cases of MGS associated with PHPV have also been reported.[@R14; @R15; @R16; @R17] However, no previous studies have reported a series of such an association and the prevalence of MGS associated with PHPV is unknown. In this study, we retrospectively reviewed all 85 MGS cases diagnosed in the Department of Ophthalmology, Xinhua Hospital, Shanghai, China from November 2009 to November 2012. We identified 22 cases of MGS associated with PHPV. The clinical presentation and the treatment options were discussed.

Methods {#s2}
=======

This is a retrospective study. Medical records of 85 eyes from 74 patients diagnosed as MGS in our clinic between November 2009 and November 2012 were reviewed. Among them, 22 eyes of 19 patients diagnosed with or followed for MGS associated with PHPV were included in this study. The study was approved by the Ethics Committee of Xinhua Hospital.

Clinical information, including age, sex, laterality, the first noticeable symptoms, family and birth history, systemic and other ocular anomalies was investigated. As per routine, all patients underwent comprehensive examinations, including indirect ophthalmoscope examination and wide-angle retina photography using RetCam (Clarity Medical Systems, Pleasanton, California, USA) for young patients or fundus photography using cSLO-HRA2 (Heidelberg Engineering, Dossenheim, Germany) for adult patients. For those whose fundus was invisible at the first referral, due to the corneal opacity or leucocoria, ultrasound examination was performed. Typically MGS associated with PHPV would appear as an excavated optic head with a cord rising from the optic head to the posterior pole of the lens. In some cases, further diagnosis was confirmed during surgery. Microphthalmia was diagnosed if the axial length of the eye was less than at least 2 SDs below the mean for the age of the patient.[@R18] [@R19] All patients were recommended to have cranial MRI and MR angiography (MRA) or CT. However, only eight patients underwent examinations due to financial constraints.

Lensectomy and/or vitrectomy were performed in patients with complications of glaucoma, cataract and retinal detachment by the same retinal surgeon (PZ). Those who were unlikely to benefit from surgery were subjected to close follow-up and given medications if needed. Patients without any complications or those with only strabismus and/or nystagmus were left untreated.

Results {#s3}
=======

Patient information and clinical presentations {#s3a}
----------------------------------------------

In our study, 22 eyes of 19 patients were diagnosed as MGS associated with PHPV, accounting for 25.88% of all the MGS eyes, including 11 young boys and 8 young girls. All the patients were born at full term or late preterm, with birth weight above 2500 g (average 3304.21±400.49 g). Patient information is summarised in [table 1](#BJOPHTHALMOL2013303565TB1){ref-type="table"}. None of the patients had a positive related family history. The median and mean lengths of follow-up were 20 and 21.86 months, respectively (range 4--40 months).

###### 

Summary of patients' information

  Variable (N=19)        Patients, n (%)
  ---------------------- -------------------------------------
  Gender                 
   Male patients         11 (57.89%)
   Female patients       8 (42.11%)
  Age at diagnosis       
   Mean age±SD (range)   2.05±2.92 years (1 month--14 years)
   ≤1 year               15 (78.95%)
   1∼10 years            3 (15.79%)
   ≥10 years             1 (5.26%)
  Eye                    
   Bilateral             3 (15.79%)
   Unilateral            16 (84.21%)

Three patients had bilateral MGS associated with PHPV. The remaining 16 patients had unilateral association of MGS and PHPV, and two of them were also diagnosed as having MGS in the fellow eye. Six eyes were also associated with microphthalmia. Only one eye manifested as anterior PHPV ([tables 1](#BJOPHTHALMOL2013303565TB1){ref-type="table"} and [2](#BJOPHTHALMOL2013303565TB2){ref-type="table"}, [figures 1](#BJOPHTHALMOL2013303565F1){ref-type="fig"}[](#BJOPHTHALMOL2013303565F2){ref-type="fig"}--[3](#BJOPHTHALMOL2013303565F3){ref-type="fig"})

###### 

Clinical characteristics of patients with MGS associated with PHPV

  Eye   Patient   Gender   GA (weeks)   BW (g)   Age at presentation (months)   Follow-up (months)   Eye   Diagnosis                                   Reason for referral
  ----- --------- -------- ------------ -------- ------------------------------ -------------------- ----- ------------------------------------------- ----------------------------
  1     1         M        39           3700     46                             23                   OD    MGS+anterior PHPV                           Leucocoria
  2     2         M        40           3300     3                              29                   OD    MGS+PHPV                                    Corneal leucoma
  3                                              3                              29                   OS    MGS+PHPV                                    Leucocoria
  4     3         F        36           2200     8                              24                   OD    MGS+PHPV                                    Leucocoria
  5     4         M        40           3600     162                            13                   OS    MGS+PHPV                                    Poor vision
  6     5         M        39           3500     2                              25                   OD    MGS+PHPV                                    Corneal leucoma
  7     6         F        39           3250     0                              20                   OS    MGS+PHPV                                    Leucocoria
  8     7         F        40           3650     1                              12                   OD    MGS+PHPV                                    Leucocoria
  9     8         M        40           3800     43                             20                   OS    MGS+PHPV                                    Strabismus
  10    9         M        40           2500     11                             40                   OD    MGS+PHPV                                    Nystagmus
  11                                             11                             40                   OS    MGS+PHPV                                    Strabismus, nystagmus
  12    10        F        40           3230     1                              13                   OD    MGS+PHPV                                    Strabismus
  13    11        M        36           3250     51                             38                   OS    MGS+PHPV                                    Corneal leucoma
  14    12        F        40           3150     11                             18                   OD    MGS+PHPV                                    Leucocoria
  15                                             11                             18                   OS    MGS+PHPV                                    Leucocoria
  16    13        F        40           3300     10                             20                   OD    MGS+PHPV, MGS(fellow eye)                   Poor vision
  17    14        M        40           3200     2                              13                   OS    MGS+PHPV+microphthalmia                     Microphthalmia, leucocoria
  18    15        M        41           3500     6                              4                    OS    MGS+PHPV+microphthalmia                     Microphthalmia
  19    16        M        39           3000     11                             29                   OD    MGS+PHPV+microphthalmia                     Microphthalmia
  20    17        F        40           3500     8                              20                   OS    MGS+PHPV+microphthalmia                     Microphthalmia
  21    18        F        40           3650     1                              9                    OS    MGS+PHPV+microphthalmia                     Microphthalmia
  22    19        M        40           3500     5                              24                   OS    MGS+PHPV+microphthalmia, MGS (fellow eye)   Microphthalmia

BW, birth weight; F, female; GA, gestational age; M, male; MGS, morning glory syndrome; OD, right eye; OS, left eye; PHPV, persistent hyperplastic primary vitreous.

![One patient with morning glory syndrome (MGS) associated with persistent hyperplastic primary vitreous (PHPV). (A) The typical MGS optic; (B) PHPV with prolonged ciliary process.](bjophthalmol-2013-303565f01){#BJOPHTHALMOL2013303565F1}

![(A) Leucocoria; (B) fundus of morning glory syndrome associated with persistent hyperplastic primary vitreous.](bjophthalmol-2013-303565f02){#BJOPHTHALMOL2013303565F2}

![Patient with morning glory syndrome associated with persistent hyperplastic primary vitreous and microphthalmia of left eye. (A) Microphthalmia; (B) fundus; (C) typical ultrasound scan shows the excavated optic head and a cord rising from the optic head to the posterior pole of the lens.](bjophthalmol-2013-303565f03){#BJOPHTHALMOL2013303565F3}

The first clinical manifestation noticed by parents was leucocoria in 8 eyes (including one eye that had both microphthalmia and leucocoria), microphthalmia in 6 eyes, corneal leucoma in 3 eyes, strabismus in 3 eyes, poor vision in 2 eyes, nystagmus in 2 eyes (including one that presented with both nystagmus and strabismus) ([table 2](#BJOPHTHALMOL2013303565TB3){ref-type="table"}).

Nineteen of the 22 eyes (86.36%) had complications including cataract, secondary glaucoma, corneal leucoma or oedema, retinal detachment, strabismus and nystagmus (summarised in [table 3](#BJOPHTHALMOL2013303565TB3){ref-type="table"}). Visual acuity was difficult to evaluate in preverbal patients and the data were incomplete.

###### 

Summary of complications

  Complications            Number of eyes
  ------------------------ ----------------
  Cataract                 10
  Secondary glaucoma       8
  Corneal leucoma/oedema   8
  Retinal detachment       8
  Strabismus               3
  Nystagmus                2
  No complications         3

Among eight patients with cranial MRI/MRA or CT results, three showed abnormalities. One patient showed widened cerebral fissures of the bilateral temporal lobes; one showed an abnormal dilated branch of the middle cerebral artery in the left hemisphere ([figure 4](#BJOPHTHALMOL2013303565F4){ref-type="fig"}); the other patient showed an abnormal signal in the grey matter of the frontal and occipital lobes.

![MRI reveals an abnormal dilated branch of the middle cerebral artery in the left hemisphere in a patient with morning glory syndrome associated with persistent hyperplastic primary vitreous (arrow).](bjophthalmol-2013-303565f04){#BJOPHTHALMOL2013303565F4}

Treatment and outcomes {#s3b}
----------------------

The treatment and outcome of individual patients are listed in [table 4](#BJOPHTHALMOL2013303565TB4){ref-type="table"}. The age of all patients who had surgery ranged from 1 month to 5 years (median and average age were 3 months and 13.25 months, respectively).

###### 

Complications and treatment of patients with MGS complicated with PHPV

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Eye   Patient   Eye   Diagnosis                                    Treatment                                  Secondary glaucoma   RD           Corneal oedema or corneal leucoma   Cataract   Strabismus   Nystagmus   VA at final follow up                                      
  ----- --------- ----- -------------------------------------------- ------------------------------------------ -------------------- ------------ ----------------------------------- ---------- ------------ ----------- ----------------------- ------------------------ ---- ---- ----------
  1     1         OD    MGS+anterior PHPV                            Lensectomy                                                                                                                                           \+                      Resolved                           

  2     2         OD    MGS+PHPV                                     Lensectomy                                 \+                   Resolved                                                    \+           Remained                                                               

  3               OS    MGS+PHPV                                     1\. Lensectomy\                                                                                                                                      \+                      Resolved prephthisical             
                                                                     2. Coreplasty (5 months later)                                                                                                                                                                                  

  4     3         OD    MGS+PHPV                                     Stable, observe                                                                                                                                                                                                 

  5     4         OS    MGS+PHPV                                     Stable, observe                                                                                                                                                                                                 FC/50 cm

  6     5         OD    MGS+PHPV                                     1\. Lensectomy+vitrectomy+silicone oil\    \+                   Resolved     \+                                  Attached   \+           Remained    \+                      Resolved                           
                                                                     2. Silicone oil removal (6 months later)                                                                                                                                                                        

  7     6         OS    MGS+PHPV                                     Lensectomy                                 \+                   Resolved                                                    \+           Remained    \+                      Resolved                           

  8     7         OD    MGS+PHPV                                     Lensectomy                                 \+                   Resolved     \+                                             \+           Resolved    \+                      Resolved                           

  9     8         OS    MGS+PHPV                                     Observe                                                                      \+                                                                                                                       \+        

  10    9         OD    MGS+PHPV                                     Stable, observe                                                                                                                                                                                       \+   \+   

  11              OS    MGS+PHPV                                     Lensectomy+vitrectomy+C~3~F~8~                                               \+                                  Attached                                                                                  \+   

  12    10        OD    MGS+PHPV                                     Stable, observe                                                                                                                                                                                       \+        

  13    11        OS    MGS+PHPV                                     Lensectomy                                 \+                   Resolved                                                    \+           Remained                                                               LP

  14    12        OD    MGS+PHPV                                     Observe                                                                      \+                                                                                                                                 

  15              OS    MGS+PHPV                                     Observe                                                                                                                                              \+                                                         

  16    13        OD    MGS+PHPV, MGS(fellow eye)                    Observe                                    \+                   Alleviated                                                                                                                                      

  17    14        OS    MGS+PHPV+microphthalmia                      Lensectomy                                                                   \+                                                                      \+                      Resolved                           

  18    15        OS    MGS+PHPV+microphthalmia                      Stable, observe                                                                                                                                                                                                 

  19    16        OD    MGS+PHPV+microphthalmia                      Observe                                                                      \+                                                                      \+                                                         

  20    17        OS    MGS+PHPV+microphthalmia                      Lensectomy                                 \+                   Resolved                                                    \+           Resolved    \+                      Resolved                           

  21    18        OS    MGS+PHPV+microphthalmia                      Lensectomy+vitrectomy+C~3~F~8~                                               \+                                  Attached   \+           Remained    \+                      Resolved                           

  22    19        OS    MGS+PHPV+microphthalmia, MGSs (fellow eye)   1\. Lensectomy\                            \+                   Resolved                                                    \+           Remained                                                               
                                                                     2. Coreplasty (20 months later)                                                                                                                                                                                 
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

MGS, morning glory syndrome; OD, right eye; OS, left eye; PHPV, persistent hyperplastic primary vitreous; post-op, postoperatively; pre-op, preoperatively; RD, retinal detachment; VA, visual acuity.

We performed lensectomy in nine eyes to remove cataract, or to prevent corneal opacity in eyes with secondary glaucoma and shallow anterior chamber. Two of the nine eyes received secondary surgery of coreplasty 5 and 20 months after lensectomy, respectively, when the fibrous pupillary membrane was observed.

Three eyes underwent combined vitrectomy and lensectomy, including two eyes with C~3~F~8~ tamponade and one eye with silicone oil tamponade. In eye 11, partial retinal detachment was noticed around the MGS optic disc with the PHPV cord arising from the disc. No obvious breaks were found. C~3~F~8~ was injected after the procedure. In eye 21, a prolonged ciliary process was observed. Retrolental fibrous membrane was removed during surgery. Laser treatment was performed to seal the peripheral iatrogenic hole and C~3~F~8~ was injected. Eye 6 presented with the PHPV cord arising from the typical MGS optic nerve, a prolonged ciliary process, and anterior proliferative vitreoretinopathy on the 360° peripheral retina. No obvious breaks were found. Additional 360° retinotomy was performed followed by laser treatment posterior to the retinotomy edge. Silicone oil was injected after liquid gas exchange.

Three eyes without any complications and two eyes with only strabismus and/or nystagmus were untreated. Five eyes had various complications but unlikely to benefit from surgery. These patients did not have surgery. One of these eyes was given 2% carteolol hydrochloride and 1% brinzolamide eye drops to lower the intraocular pressure (IOP).

Eight eyes had secondary glaucoma. This was assessed by either tonometry in older patients or finger palpation in younger patients in combination with the presence of cornea oedema and the disappearance of the anterior chamber. Glaucoma was resolved in seven eyes after lensectomy (including one eye with combined lensectomy and vitrectomy), while the other eye was given medications to lower the IOP. Corneal leucoma remained in six eyes, while the corneal oedema in two eyes resolved after lensectomy. The retina was reattached in three patients who underwent combined lensectomy and vitrectomy. In two eyes which developed pupillary membrane, one eye showed signs of prephthisical changes during follow-up.

Discussion {#s4}
==========

In this study, we showed that 22 out of 85 eyes with MGS were associated with PHPV in young patients. This is likely the largest series of such cases reported so far. The symptoms related to PHPV made the age of the patient at the first diagnosis younger than MGS alone. The initial clinical manifestations of MGS with PHPV were mainly leucocoria (8/22) and microphthalmia (6/22). Strabismus was observed in only three eyes in our study compared with 90% in MGS alone as reported in other studies.[@R20; @R21; @R22] Complications such as cataract, glaucoma and retinal detachment were also observed in simple MGS. However, the manifestation of such conditions appeared to be more frequent and severe in MGS combined with PHPV. Facial and central nervous system abnormalities which are known to be associated with MGS were also reported in some of our patients.

The embryogenesis of MGS is poorly understood.[@R23] Some have proposed that MGS results from the abnormal closure of the embryonic fissure.[@R24] [@R25] More recent studies have suggested that MGS is a primary mesenchymal abnormality resulting in faulty closure of the posterior scleral wall and the poor development of the lamina cribrosa.[@R26] Our report shows the relatively high incidence of MGS associated with PHPV, suggesting that the regression of the hyaloidal vasculature is easily compromised in the presence of optic disc defects, which lead to the development of MGS. Our study also supports the hypothesis that the mass of whitish tissue on the abnormal MGS disc is derived from the primitive hyaloid system.[@R27] PHPV may be a fundamental condition in MGS and may present in variant forms, including anterior PHPV, PHPV, posterior PHPV or whitish glial tissue only (which may be a type of posterior PHPV).

The association of MGS and PHPV may also have a genetic basis. One possible candidate gene is *PAX6. PAX6* is involved in ocular morphogenesis and is expressed in the developing central nervous system and numerous ocular tissues during development (summarised in the Human *PAX6* Mutation Database). *PAX6* mutations have also been identified in patients with optic nerve malformations, including coloboma, MGS, optic nerve hypoplasia/aplasia and PHPV.[@R28] Most cases of PHPV are sporadic. However, it can also be inherited as an autosomal-dominant or recessive trait.[@R29; @R30; @R31; @R32; @R33] One study showed that the ocular abnormalities of some Pax6^Leca4/+^ mice were similar to those present in human Peters' anomaly and PHPV.[@R34] The relatively high incidence of MGS with PHPV in our study implicates that there may be a genetic link between these two pathologies which needs further study.

In the choice of treatment, we found that lensectomy early on was effective in preventing the progression of corneal opacity in cases with secondary glaucoma and shallow anterior chamber. However, corneal leucoma can rarely be reversed by lensectomy. Vitrectomy was performed if retinal reattachment was anticipated. One should be careful in using silicone oil as it may enter the subarachnoid cavity via subtle holes in the peripapillary area of the retina.[@R35] The outcome of surgery was satisfactory in 11 out of 12 eyes. One eye turned to a prephthisical state, possibly due to the formation of fibrous ciliary membrane.

The limitations of this study include its retrospective design and selection bias resulting from the referral setting. Because the percentage association found in this study cannot be generalised given the sampling bias detailed above, we cannot determine the exact prevalence of MGS associated with PHPV. A genetic analysis is beyond the scope of this paper, however it should be performed in a future study to better understand the potential relationship between MGS and PHPV.

In conclusion, our study showed that a significant number of MGS cases were associated with PHPV, suggesting a possible genetic link between these two conditions. Patients with MGS and PHPV showed complications of both diseases, however they were often more severe and manifested at a younger age. Close follow-up was necessary and surgery including lensectomy and vitrectomy were beneficial in the management of complications.
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